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OBJECTIVE In the Philippines during recent months, a neurosurgical center that caters primarily to socioeconomically
disadvantaged patients has encountered unprecedented changes in practice patterns brought about by the COVID-19
pandemic. In particular, the usual task of outpatient care has shifted to the telemedicine format, bringing along all of its
attendant advantages and gargantuan challenges. The authors sought to determine the responsiveness of this telemedicine setup to the needs of their disadvantaged patients and explored the application of Bayesian inference to enhance
the use of teleconsultation in daily clinical decision-making.
METHODS The authors used the following methods to assess the telemedicine setup used in a low-resource setting
during the pandemic: 1) a cross-sectional survey of patients who participated in a medical consultation via telemedicine
during the 16-week period from March 16, 2020, to July 15, 2020; 2) a cost-benefit analysis of the use of telemedicine by
patients; and 3) a case illustration of a Bayesian approach application unique to the teleconsultation scenario.
RESULTS Of the 272 patient beneficiaries of telemedicine in a 16-week period, 57 responded to the survey. The survey
responses regarding neurosurgical outpatient care through telemedicine yielded high ratings of utility for the patients and
their caregivers. According to 64% of respondents, the affordability of the telemedicine setup also prevented them from
borrowing money from others, among other adverse life events prevented. There were realized financial gains on the
part of the patients in terms of cost savings and protection from further impoverishment. The benefit-cost ratio was 3.51
for the patients, signifying that the benefits outweighed the costs. An actual teleconsultation case vignette was reported
that is meant to be instructive and contributory to the preparedness of the neurosurgeon on the provider end of the service delivery.
CONCLUSIONS Telemedicine holds promise as a viable and safe method for health service delivery during the pandemic. In the setting of a health system that is continually challenged by shortages of resources, this study shows that
an effective telemedicine setup can come with high benefit-cost ratios and quality of care, along with the assurance of
patient satisfaction. The potential for high-quality care can be enhanced by the inclusion of the Bayesian framework to
the basic toolkit of remote clinical assessment. When confronted with choices in terms of differential diagnosis and tests,
the rigor of a simple application of the Bayesian framework can minimize costs arising from uncertainties.
https://thejns.org/doi/abs/10.3171/2020.9.FOCUS20695
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he effect of the COVID-19 pandemic is felt not only
by those with coronavirus disease, but also by those
who are suffering from any illness and whose access to care is curtailed by diminished healthcare availability that is exacerbated by excess demand for the various services of the health system. This situation has particularly affected the continuity of care of patients needing
neurosurgical consultations and operations.1 In the Philippines, access to neurosurgical specialty care among the
poor segments of the population is found wanting, owing
to the presence of few public hospitals with comprehensive
neurosurgery training centers in the capital region.2 During the unfolding pandemic, the national government has
enforced a strict community quarantine that has restricted
travel and influenced hospital policies across the country.
Difficult decisions abound on how to continue neurosurgical diagnosis and treatment functions at this time. The use
of telemedicine as applied to neurosurgery3–7 during this
pandemic has seen a dramatic rise and resurgence of interest and is currently encouraged in local guidelines.8,9 During these extraordinary times, enhancing the telemedicine
system is recommended to optimize the care of patients.

Methods

The aim of this study was to assess the responsiveness
of a current telemedicine setup during the COVID-19
pandemic by using the following methods: 1) a utility and
expenditure survey of patient telemedicine users, 2) a costbenefit analysis (CBA) from the perspective of the patient,
and 3) a case illustration of a Bayesian approach application unique to the teleconsultation scenario. This study
was approved by the medical center institutional review
board.
Provider Setting and Socioeconomic Context
Jose R. Reyes Memorial Medical Center is a multispecialty, government-funded hospital located in Manila that
primarily caters to the socioeconomically disadvantaged
catchment population all over the Philippine archipelago.
Over the years, the Center’s Section of Neurosurgery has
performed 600 to 800 wide-ranging emergency and subspecialty elective operations annually. While emergency
neurosurgical operations are allowed to continue during the
pandemic, the in-person outpatient consultation and scheduling of elective surgeries have come to a halt. Providing
comprehensive outpatient neurosurgical care in the midst
of the pandemic is a challenging proposition. In many areas
of the country, particularly in the national capital, the enhanced community quarantine suspended all public mass
transportation and severely restricted the movement of
people. The telemedicine format of health service delivery
partially fills the current gap in healthcare availability.
Telemedicine Protocol
Since mid-March 2020, outpatient teleconsultation
with neurosurgical residents has been made available to
neurosurgical patients primarily via online text messaging
and secondarily via video calls or phone calls whenever
deemed necessary. Freely accessible online modules and
learning materials related to telemedicine were used by
2

the telehealth providers for supplementary training. According to a local telemedicine manual by Isip-Tan and
colleagues,9 a messaging function can be an adequate
mode of telehealth given that the majority of Filipinos,
who, regardless of socioeconomic status, often have the
means for the minimum internet access10 needed to maintain a social media account,11 with the Facebook platform
as the popular choice.12,13 The chat messaging feature
Facebook Messenger appears to be an attractive tool for
doctor-patient communication as a bridging and improvised telehealth platform solely for the purpose of increasing access to care. The legal milieu surrounding this use
of internet platforms has been relaxed, which appears to
be justified during this time of the pandemic.9,14,15 Through
this novel protocol-driven neurosurgical service brought
about by demand (Fig. 1), the basic outpatient functions of
triaging, follow-up care, symptom assessment, medication
adjustment, and other functions can be conducted online.
Patient Survey of Telemedicine Utility and Expenditure
Patterns
For a minimum calculated sample size of 48, a crosssectional survey of the patients who participated in a
medical consultation via telemedicine during the 16-week
period from March 16, 2020, to July 15, 2020, was done.
The survey questions addressed the participants’ overall
patient experience, asking questions on the elements for
achieving quality in telemedicine as determined by the
Institute of Medicine,16 specifically efficiency, adequacy,
timeliness, and satisfaction. The survey form included
questions in both English and the native language, with
an anchoring sample scenario per the aforementioned
elements, while the answers consisted of ordinal choices
along a 10-point Likert scale. Expenditure patterns of the
patients and their caregivers were collected in the same
survey form and obtained via open-ended questions for
interval-ratio answers. The monetary expenses surrounding the use of telemedicine were interpreted in terms of
catastrophic and impoverishing expenditures.17–19
Cost-Benefit Analysis
This health-related CBA assumed the economic perspective of the patient.20 The consolidated costs comprised
the direct costs incurred by the patient for utilizing the telemedicine intervention plus the monetized indirect costs of
economic productivity loss, while the consolidated benefits
consisted of the averted travel cost plus the monetized indirect benefit of lost productivity due to the alternative of an
in-person clinic visit. The benefit-cost ratio (BCR) was calculated. To determine whether or not the monetary benefits
of an intervention outweigh its costs, the following formula
was used: BCR = consolidated benefits/consolidated costs.
A value > 1 means that benefits outweigh costs, and the
evaluated health intervention is beneficial.
Statistical Analysis
Descriptive statistics were used to summarize the general and clinical characteristics of the respondents. Frequency and proportion were used for nominal variables, median
and range for ordinal variables, and mean and standard
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FIG. 1. Process flow and algorithm of the telemedicine setup used at Jose R. Reyes Memorial Medical Center, Manila, Philippines,
during the time of the COVID-19 pandemic.

deviation for interval-ratio variables. The null hypothesis
was rejected at the 0.05 level of significance. Stata software
version 15.0 (StataCorp) was used for data analysis.
Case Illustration of Bayesian Analysis
Work in Bayesian statistical models has long complemented the practice of evidence-based medicine, but its
applications in daily clinical decision-making appear elusive.21 We present a case study that offers some lessons on
the application of the Bayesian framework to the clinical
encounter conducted in the telemedicine platform.

Results and Discussion

There were 272 beneficiaries who used telemedicine
during the study period, and 57 responded to the survey.
The mean age of the respondents was 39 ± 13 years (Table
1). The majority of respondents were male (57%), considered their places of residence as far from the neurosurgical/medical center (77%), and had a monthly income at
or below 10,000 Philippine pesos (P10,000; 67%). The
observed frequencies of consultation types significantly
differed from expected proportions (p < 0.001), with the
greatest proportion of the consultations classified as neurosurgical cases. Likewise, for the neurosurgical cases
deemed amenable to teleconsultation, the distribution of
cases in terms of being a new patient, previous patient as
follow-up, or previous patient as postoperative also significantly differed from each other (p < 0.001).
The majority of respondents provided positive ratings

for the efficiency, adequacy, timeliness, and overall satisfaction of their telemedicine experience (Fig. 2). Fewer
than 2% of respondents gave a score of less than 5 out of
10 for either efficiency or adequacy.
In the absence of teleconsultation, more than half of
the respondents reported that they would need to borrow
money (64%) for the alternative of in-person consultation
in the outpatient clinic. Roughly 4 in 10 each said they
would seek a babysitter or may lose income. About 11%
each indicated that they needed to interrupt their children’s education, were forced to seek charity, or resorted
to pawning valuable possessions (Table 2).
Telemedicine averted catastrophic expenditures22 for
32% (95% CI 20%–46%) of respondent patients and their
families had they used the alternative of in-person consultation.
As for impoverishing expenditures,23 using the value
of P10,756 as the monthly poverty threshold for a family of five,24 72% (95% CI 58%–83%) of the respondents
avoided further impoverishment due to the telemedicine
setup (Table 2). Among the impoverished, 42% reported
having no income during the pandemic and were already
living below the poverty line to begin with.
Total costs from combined telecommunication charges
and lost productivity of the patient and caregiver were estimated at P430 per patient consult and P24,508 for all samples. The total benefits to be gained per patient and by all
patients were P1938 and P110,461, respectively. Net benefits per patient and for all patients were P1508 and P85,953,
respectively. The calculated BCR was 3.51 (Table 3).
Neurosurg Focus Volume 49 • December 2020
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TABLE 1. Telemedicine patient beneficiary and survey
respondent characteristics
Value
Telemedicine beneficiaries (n = 272)
Adult
Pediatric
Categories during teleconsult
Administrative query
Triaged to emergency department
Referred to other specialties*
Neurosurgical case amenable to teleconsultation
  New patient
   Previous patient as follow-up
   Previous patient as postop
Survey respondents (n = 57)
Age, yrs
Sex
  Male
  Female
Patient-perceived distance from center (n = 53)
  Near
  Far
Monthly income, Philippine pesos (n = 57)
   ≤10,000
  10,001–30,000
  >30,000

188 (69.1)
84 (30.9)
7 (2.6)
34 (12.5)
24 (8.8)
39 (14.4)
144 (52.9)
24 (8.8)
57 (20.9)
39 ± 13.01
32 (56.1)
25 (43.9)
12 (22.6)
41 (77.4)
38 (66.7)
17 (29.8)
2 (3.5)

Values are presented as the number (%) of telemedicine beneficiaries or
survey respondents or as the mean ± SD.
* Not mutually exclusive with other categories.

Intangible Benefits of Telemedicine in Low-Income
Settings
The adoption of telemedicine by the patients in our
setting appears to be most attractive for use by neurosurgical patients needing follow-up. Telemedicine helps to
decrease unnecessary hospital visits by allowing the physician to provide patient reassurance for a minor concern.
This setup also allows urgent concerns to be addressed
as soon as possible through a video call, phone call, or
text message, whereas nonurgent concerns are replied to
within reasonable time frames that are free from the constraints of a physical clinic schedule. In terms of the aspect
of adequacy, respondents experience a degree of freedom
in being able to ask questions without the time constraints
of an in-person consultation. Furthermore, the triaging
function of telemedicine grants timely medical advice
to patients who need to be evaluated emergently. Given
that the majority of the respondents perceive the medical center to be far from their homes, notwithstanding
the unavailability of transportation during the pandemic,
telemedicine offers a degree of convenience to socioeconomically disadvantaged patients. In cases for which a
patient needs a neurosurgical evaluation but is admitted
to a hospital with only lower levels of care, telemedicine
helps decrease unnecessary transfers and also allows care
4

management decisions to be addressed in a timely manner (e.g., providing prehospital bundles-of-care advice or
administering physician-ordered osmotic diuretic medication for a neurosurgical emergency)—features that can
have a positive impact on long-term outcomes of patients
in our low-resource catchment areas. Further studies are
needed to identify the potential benefits of telemedicine in
addressing the perennial problems of neurosurgical care
in low-income countries, including loss to follow-up and
difficulties in long-term outcome assessment.25
Cost Savings and Financial Risk Protection Associated
With Telemedicine
In addition to the intangible benefits, our telemedicine
setup appears to be a cost-beneficial intervention. This benefit can improve the health-seeking behavior of patients and
their families, given that many of them reported the possibility of adverse life events were it not for the cost savings
afforded by telemedicine. This can translate to increased
adoption of telemedicine and, consequently, utilization of
various aspects of comprehensive care by neurosurgical
patients (e.g., rehabilitation plans for neurotrauma and reminder tools for adjuvant therapies) and for time-dependent
follow-up care usually done by neurosurgeons (e.g., monitoring of children after shunt placement, and assessment of
delayed complications of neurotrauma, such as CSF leak).
For impoverished patients, costs constitute an important
consideration and even a barrier to proper care—but the
telemedicine setup is deemed responsive to the needs of
our patients because protection from financial risk, including impoverishing and catastrophic expenditures, is also
afforded. Therefore, it behooves the healthcare providers to
continuously rethink which aspects of neurosurgical care
in low-income settings can be better aided by telemedicine.
In cost-related studies by Thakar and colleagues26 and
Dadlani and colleagues,27 telemedicine for neurosurgical
outpatient follow-up care by patients in socioeconomically disadvantaged backgrounds is similarly found to be
promising and cost-effective. However, there are inherent
limitations to cost-related studies,28 as well as to our study,
which include the heterogeneous clinical profiles of our
patients, the limited study duration, and the unaccountedfor confounding factors. Additionally, we did not evaluate
the clinical efficacy of the particular kind of care delivered
through telemedicine, as similarly pointed out in a study
by Ahmed and colleagues,29 which was also approached
from the patient’s perspective for CBA. However, the results of our CBA further highlight the magnitude of the
pandemic-related need for access to neurosurgical outpatient care similarly found in contemporary studies.3–7
Telemedicine as a Toolkit to Solve the Patient’s Problems
Ultimately, telemedicine mitigates the gap in access
to neurosurgical care, with a substantial benefit to lowincome neurosurgical patients who also bear the difficulty
of travel and the associated incidental costs.26,27,30 However, the effective and outcome-oriented delivery of care to
patients with neurological complaints introduces particular challenges to telehealth providers. The usual process
of clinical encounters—from history taking and diagno-
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FIG. 2. Perceptions reported by patient questionnaire respondents regarding the quality of their telemedicine experience on a
scale of 1–10, with 10 being the highest positive rating.

sis to treatment and prognostication—is subject to unique
constraints and limitations that are inherent to the telemedicine platform and the macro-level changes of health
service delivery brought about by the pandemic. Current
practice patterns require certain nuances in the approach
to the patient and in clinical reasoning.
Case Vignette of Teleconsultation
Consider the following case of an actual telemedicine
consultation. A 46-year-old man was brought to a local
district hospital due to severe headache. The hospital does
not have subspecialty services. When advised of the need
for a “neuroconsult” and transfer to another hospital with
higher-level care, the patient’s wife (respondent) participated in an online telemedicine consultation. First, the
physician determined that the patient’s symptoms started
10 days prior, with the headache characterized as throbbing, located at the right temporal and occipital regions,
occasionally radiating to the left side, graded subjectively
at 8/10, and slightly relieved by intake of etoricoxib once
daily. The reason for the emergency consultation at the
district hospital was the increase in severity of the patient’s headache to 10/10. The following dialogue is the
continuation of an adapted excerpt of the conversation via
telemedicine:
Doctor: What happened leading to your husband’s admission?
Respondent: He’s become hysterical due to the pain. We can
no longer stand him screaming and shouting due to the severe
headache.
Doctor: Any aggravating factors?
Respondent: Any movement of his head.

Doctor: Did he have this kind of headache prior to this?
Respondent: No.
Doctor: Does he have comorbids? Any history of previous
hospitalizations and/or surgeries? History of trauma or fall?
Respondent: None. We all think he is quite healthy previously.
Doctor: Did he have other symptoms: loss of consciousness,
seizure, vomiting, weakness or numbness of one part of the
body, or visual changes?
Respondent: He had vomiting of his previously ingested food
on our way to the hospital. But he had none of those other
things you mentioned.
Doctor: Did you consult a doctor at any time during the
10-day duration of his persistent headache?
Respondent: Yes. During the 6th day of headache, he was
seen by a general practitioner who requested a noncontrast
head CT scan. We had it done right away.
The respondent then proceeded to pull out and send a photo
of a paper bearing the official result of the CT, which was
essentially normal. There was no available photo of the
actual CT.

Without the benefit of a physical and a neurological
examination, the neurosurgeon proceeded with ruminating on the patient’s condition for definitive management.
The list of differential diagnosis (in no particular order
of likelihood) may include migraine, cluster headache,
tension-type headache, aneurysmal subarachnoid hemorrhage (SAH), hypertensive encephalopathy, venous sinus
thrombosis, dural arteriovenous fistula, tumor-related
hemorrhage, sinusitis, and temporal arteritis.
Bayes’ Theorem in Incomplete History Taking
In its basic form, Bayes’ theorem allows the calculaNeurosurg Focus Volume 49 • December 2020
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TABLE 2. Adverse life events and financial risk averted by
telemedicine option (n = 57)
Adverse Life Event

Value

Needed to borrow money
Forced to seek babysitter
Loss of job/income
Discontinuation of child education
Forced to accept charity
Needed to pawn possessed valuables
Catastrophic expenditure*
Impoverishing expenditure†

35 (61.4)
22 (38.6)
23 (40.4)
6 (10.5)
6 (10.5)
6 (10.5)
41 (72%) [58–83%]
21 (37%) [24–51%]

Values are presented as number of respondents (%) [95% CI].
* Catastrophic expenditure is defined as “a household’s financial contribution
to the health system exceeds 40% of the income remaining after subsistence
needs have been met.” 22
† Impoverishing expenditure is defined as “expenditures that leave household
non-medical consumption below or further below subsistence levels, as
defined by a poverty line.” 23

tion of the probability of an event—such as the presence
of a disease—given some new piece of information or evidence that has been obtained and that contributes to the
likelihood of that event.21,31–34 In the case we present, the
neurosurgeon–telehealth provider noted the rather high
prevalence of stroke in the age group of the patient as
well as the distinguishing feature of severe headache in
SAH.35 The patient’s previous headaches of lesser severity
can be attributed to sentinel headaches from a premonitory minor leak of an intracranial aneurysm,36 thus giving
the diagnosis of a ruptured aneurysm a high prior probability. Through a series of comprehensive questions from
which the helpful answers serve to add new information
and increase likelihood of a certain differential diagnosis,
a particular disease considered likely by the neurosurgeon
either ascends or descends in the posterior probability,
thus allowing the neurosurgeon to rule in or rule out some
of the possible diseases or conditions.
The novice or the hurried physician may not able to perform a comprehensive history taking that would facilitate
the determination of increased likelihood of a certain diagnosis. In the aforementioned dialogue, the presence or
absence of fever was not ascertained from the respondent.
The effect of this failure to elicit a pertinent symptom or
sign is the inadvertent nonconsideration of inflammatory
or infectious disease entities. In the actual case example,
the telehealth provider asked if the patient had a fever, to
which the respondent’s answer was: “I don’t know... but his
forehead was warm to touch.” A careful approach would
be to take this response equivocally37 and invoke the prior
probability of another likely differential by remembering
the endemicity and high prevalence38 of a subacute form of
central nervous system infection—tuberculous meningitis
(TBM)—which also features headache of a few days’ duration, low-grade fever, and behavioral changes, among its
other protean presentations.39,40
Bayes’ Theorem in Clinical Decision-Making
In considering the next course of action, a primary
6

TABLE 3. Costs and benefits of telemedicine consults
Costs
Telecommunication charges
Productivity loss
Total costs
Benefits
Transportation cost savings
Averted productivity loss
Total benefits
Net benefit
BCR

Per Patient

All Patients (n = 57)

156.25
273.71
429.96

8906.25
15,601.47
24,507.72

1053.67
884.23
1937.90
1507.94
3.51

60,059.19
50,401.11
110,460.30
85,952.58
3.51

All values are in Philippine pesos unless otherwise indicated.

working impression would revolve around choosing between SAH and TBM. For these two conditions, timely
management will significantly alter the outcome and prognosis. Still ambiguous at this point, each differential is
assigned a prior or pretest probability of 50%. Using the
nomogram version of Bayes’ theorem,21 there is a need to
be less uncertain and factor in the likelihood that a test
can contribute and might better increase the posterior or
posttest probability of one disease over the other. Since
it is highly possible that tests might lead to a change in
management strategies, the question arises as to which test
is most appropriate.
Can a life-threatening ruptured intracranial aneurysm
be ruled out? Can a repeat CT be reconsidered, given that
the chance of detecting a thin SAH diminishes by 50%
after 7 days?36 Should an angiographic study be requested
upfront or, given the uncertainty that the patient has clearcut SAH, is it reasonable to be reticent in requesting any
costly imaging tests? The patient would be better off undergoing a single test that could adequately rule in or rule
out both SAH and TBM. A simple lumbar tap for CSF
analysis appears appropriate, because it contributes the
likelihood ratios of 4.03 for detecting xanthochromia in
SAH41 and 1.89 for detecting the CSF parameters consistent with TBM.42 By plotting the pretest probabilities and
likelihood ratios into the Bayes’ nomogram, estimates of
the respective posttest probabilities of SAH and TBM in
the patient are made. Similar to a lengthy formula-based
calculation, the nomograms yield the posttest probabilities of approximately 65% for TBM (Fig. 3A) and approximately 80% for SAH (Fig. 3B).
Going back to the actual case, the patient was eventually transferred to a multispecialty hospital and additional
ancillary studies were done. The CSF analysis after the
lumbar tap revealed minimal hypoglycorrhachia and pleocytosis with lymphocytic predominance. The patient’s
chest radiograph showed suspicious apical densities. The
attending physician was able to elicit an additional feature
from a repeat history taking: unintentional weight loss
during the past year. Given the benefit of these new data,
the pretest probabilities can be adjusted in retrospect.
TBM may now present a greater degree of prior probability of 60%, compared with 40% for SAH (Fig. 3C and D).

Neurosurg Focus Volume 49 • December 2020
Unauthenticated | Downloaded 07/06/21 04:40 AM UTC

Ferraris et al.

FIG. 3. Bayes’ nomogram as applied to clinical decision-making. A: TBM with 50% pretest probability and likelihood ratio of
1.89 on CSF analysis. B: SAH with 50% pretest probability and likelihood ratio of 4.03 on CSF analysis. C: Readjusted pretest
probability for TBM, which now presents a relatively higher posterior probability (cyan line). D: Readjusted pretest probability for
SAH showing relatively lower posterior probability (orange line) than TBM. Nomogram based on information provided in Fagan TJ.
Letter: Nomogram for Bayes theorem. N Engl J Med. 1975;293(5):257.45
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Consequently, the posterior probability of TBM becomes
relatively higher (cyan-colored line in Fig. 3C) compared
with that of SAH (orange line in Fig. 3D).
The degree of posterior probability then informs the
subsequent management. When considering SAH for this
patient, the neurosurgeon should not offer any treatment
without the benefit of additional tests that would increase
the likelihood ratio, especially given that the available
treatments for a ruptured aneurysm are not without risks.
By contrast, for TBM, the clinician only relies on the discriminative clinical and laboratory features, because the
yields of cultures and polymerase chain reaction–based diagnostics are often low.39,42,43 From the foregoing example,
it then becomes justified to reach the treatment threshold44
for the initiation of antituberculosis medication despite
some degree of uncertainty that remains,42 and to advise
constant follow-up through telemedicine to monitor disease resolution or possible development of shunt-requiring
hydrocephalus.

Conclusions

Brought about by the demands of the pandemic and given the limitations in a low-resource setting, we offered our
patients a telemedicine setup. Subsequent evidence showed
that this setup, albeit imperfect, would benefit the socioeconomically disadvantaged population in terms of satisfaction
and cost savings. Through the example of an actual case,
we proffered that a recapitulation of the basics of the Bayesian framework might be useful to enhance clinical judgment toward greater rigor in comprehensive history taking
and nuanced clinical decision-making. Incorporating such
a fundamental application to the toolkit of telemedicine
becomes all the more important given the physician’s responsibility to diagnose and treat patients efficiently and
effectively, while not imposing undue medical cost burdens
onto patients, particularly during these difficult times. We
hope that this report serves as a testament to the creativity
and resiliency of neurosurgeons in imagining new ways of
being responsive to the needs of our vulnerable patients,
especially those in less fortunate parts of the world.
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